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ABSTRACT: 

A pipelined scheduler which allows easy implementation and control and further fair scheduling 
among input lines of a crossbar high speed switch fabric is discussed. By means of a round-robin 
communication scheme, a systematically ordered sequence of visits to time slots can be obtained 
regardless of whether the number of scheduler modules is even or odd by framing the time axis 
and using a priority matrix to reserve future time slots. Further, a Carry Over Round-robin 
Pipelined Scheduler (CORPS) achieves scalability to a large number of ports. Moreover, CORPS 
achieves one scheduling decision per line per slot, by scheduling packets in future slots. It is well 
suited to the support of Quality of Service traffic, since the choice of the queues to be scheduled 
is arbitrary. CORPS limits itself to resolve, in a fair way, the contention for output ports. 
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mim. 1 wsj^'f—y y a-mmx-^ >y f-. 
T»iKio^^-^*m^i>(s.«ai:>3^i-> f ( vo 

Q) i^fflv^T. mM^(r>X^^-h^mtXXii^ti 
fzf- ^ a— f y :/-r 6 ^ t ^ #a t 1 

mL(Dy'-i^ya~mmx^ 

9yx3-mmx^ y^. 

[if*55] mBWimtiii]=^^-^y:f^m-~^'xi^ 

liS^ae] Bii!Bx^r~;^_^(j, a;^^##7'>yK 
^h'yHX-:^v^T. mim&tii:tj^~himm-tzb 
^msLb-ri>m^mimiCOT-:^'yn-mmx^ y 



a ) ^^cr>XirV:L-H^=J3.—)V1fi^ mffiX^-Ja.— 

hxfyrb. 

h) m5M&coxiri^jL-)\^=j^-)i^i)K msm^co 

^^l.Xtl'yh^m^'thXT-yTb. 

^Axa-yh X'(mmmizX'ir-J:L- 0 y^^^h J: d 
WR'fhX'ryyrb. 

d ) BiiS^<o:J''f Aj^n -/ yipmsm.<nx':rv a.- 

e ) mm^9^-LXXl'^, Vlfi^^myX'TV^.- 

■ri>Xxyri:. 

|ijiB^5lW^WAxn«y hiiffiox^i^'A-;!^ 
x-f-yTi:. 

•yT (d) C^SXr-yrfc. 

i ) W^1&\M^im^^ivr:\^£\'^\,z\i^ WL 
Wkffi9^J^xxi',V^mmfn9M^Xxx',yti\m 

S«t79/*-t«yM.TX-f'yT (d) ten 

SXT^-yTt. 

j ) miM^<r>9^-t^xxivyifi^nx'rV:j.—)V^'J. 

>fAXD-y hSrSXO. BOS^O^J'-YAXn.y h*5]R^, 

ixtzZb^^>m^mLX^-J :L-^)yy :^ y-t-i^ 
tZTJttXT-yTb. 

k ) Knexyi^'jL-y •y4r-j/i&<XOX^^j/jL- 

;Pti^'jL-/Kc:SfXx'y rt . 

*><?>^:& i i: iW&b-ttx-yz^a.- 0 yi/:m, 

HSMHiij^^-^ yf^^m^'^x^x-^ yiT^tihz. 

[it^9 ] hhin- h\izmtmim.}i!;n^^- 
^ yy\i. mriif^- V izm-hmwMii^-)}^:^-^ y 
ybiim.x'h&zb i:mLb-ri>mm8§m<oi; 



(3) !NfP2001-7822 (P2001-7822 



fci. gx^rj;i-yy^»'ti;a-;i/0^*«>|^lrR«S 
-ti-T . »:g<^x^ i^'a- y y i^:t.-Mz:-mth . 

1 3 ] ^^oA^ix^i^A- y yy=f:i^a.- 
yy^/kv^d. ) imiza^i'^x , 

c: k i&i^FStk-rsx^rv-a.- y y^'Stfc. 

1 4 1 mlBX^ri/i- y y^^:)^i. 

aj:»j;K- ho 3 *>co 1 otr ^ HrX L J: 9 i; f 

c ) mtsm<r>tiiij^-hcoo *><r> 1 o^ffie^o:? 

>f Axn-y hT'c?)ill^ffltxiri;jL-y y^^f Si 



SaJJ-fSXryTk. 

d ) lulE^*0:?'f AXD-y h36^ffic7)Xirv*j.-;WqEi^' 

e ) 1515^*^05' -fA>CO-y hi}^fbcr>Xdri^j.—/l^i^ 
>f AXO y hSrSJO. l<fie:^3lW:5'>fAXo-y hA5IX^> 
{-Ah-Sx^yTk, 

f ) Buaxyi^'A-y y:5^^ «yfe-i^'S:»:OX^ri;jt_ 
;i^yjL-;Kcfi^XT-yTk . 

^ k i&!t#ak -tsms^ 1 sieaoxyy 

yy^'^^. 

[|fi«fll5] ffaxiri;j,-yy^:^F^ji^ • 
Axo -/ h-c<^x^ryA-y y^'St^g (ji^ 

1 3 gfi^x^-i-'i- y y^^jra. 
imm 1 6 J lusx^ri^a- y y^^^aa. 
KfieA^j'-K- hx^r jL- y y^/^i^jL-fUtK y 
j^<r>9mx'n^f,zmk-fhmi^mm^i^mzi5\^ 

mLh LX9mimk-th z t ^msik-f-hm^ i s 

mm. 1 7 1 liilBx^ri;^.- y y^^:fr£»±. 

:ij;K-hx^rj^-j.-y yi^^=jjL-fU</)mim^mS. 
^Sr^iS-r •& N X N V b y ifXimtTh ZbizX-y 
X. ^lEC071^-A{Ct>{tSA*^^nJi:O7P-AT 
k'<^aj:Jj5K-h^aj$*iS*>Sr»l^&;i k Sr^rak 

-rsa^jsi 3isiiox^>''jL-yy:r*^. 

[0001 ] 

5T-:5'c07a-5-©Jflrri,:^>y by-:? j^XxAtJi 
tXX'f y^t^O. mtz. :*c§4x>f •yf-Srai:T<Or 

- 7 o- i&'gai-s xrT >?JL- ^ mts . 

[0002] 

miz^m^i^xT-Ammmmx'h^fz, ^tm 

A*>'N*y7r<^^tUr^-feXiS«3!r«. 
ak k t tx^-yp-r SiOf Ji^ < . m-coAScoaLS 
kkttcx^r_;l/-rs*>^>-C*&. L*>L, A^^N'-y7 
rSX^f y f-li. HO L(head-of-line)7'n -ydf y^<7) 
|!g®*«*5Ck*«Jaiw*»4.»^.ixrt5 0. C:iHcJ:0^ 
x/i—r-y h{i5 8. 6%kv^oaiSrlS5!^tS0liR$tiS 
(M. J. Karol. M. G. Hluchyj. S. P. Morgan. "Input 
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Versus Output Queuing on a Space-Division Packet S 
witch". IEEE Transactions oa Comnuni cations, Vol.C 
OM-35. No. 12. pp. 1347-1356. Dec. 1987. #BS) , 
[0 0 0 3] ®at=3ro-C. y^ffiHOLra 

^ ( VOQ : Virtual Output Queuing) fcl^dA:^^* 
-A>ir-fy^1fWii'^f\Si. (Y. Taair and G. Frazier. 

"High Perfm-mnce Multi-queue Buffers for VLSI Co 
mninication Switches", Proceedings of 15th Ann.Sya 
p. on CoBp. Arch., pp.343-354. June 1988. tJilX. 
T. Anderson. S. Owicki, J. Saxe. C. Thacker. "High 

Speed Switch Scheduling for Local Area Networks", 

ACM Transactions on Conputer Systens. pp. 319-352. 

Nov. 1993. #S) , ^<0#i.:«r«. X-^ -yf-J^aj* 

^ilTV^Sipt (A. Nekkittikul, N. McKeown. "A P 
ractical Scheduling Algorithi to Achieve lOOK Thro 
ugh-put in Input-Queued Switches", Proceedings of 
Infocon98, April 1998. . VOQ&Sr$ii>fc:gf 

out 1 0 0%<OX;P-r-y him&'sim-Chi>Zkifi 

[0 0 04]fi!oT. VOQAijA.y7rMX>f y^f^ 

a^<05feA:»35tai:>j (FIFO) A^j^^- 
S*>tc^<<7)SJ|?te5-:^-fl,. yN-.y^'D^^c7)j,&A:»J'1f 

[00053 z<DX o^x^=j^~yizm-m^<oii 
bA^fimrffiX 0 iz^-th ztfx'ffi. «*xir 

X'yz^:L-^ifiNm<^^X(^VOQlZ 

mtiwm^^ti>M^—c7)x.yf^'r^x'$>'>x. 

A. Mekkittikul. N. McKeown. "A Practical Schedulin 
g Algorithn to Achieve lOOZ Through-put in Input-Q 
ueued Switches", Proceedings of Infocoiii98, April 19 
98. #BS) . 

[00061 fltefr. ^HJ[X^i^'jL-7l4. X^rv'j.-^ 

-V^l^*)lXii2mf7yr'a y9. hh\i^±. Aai*^' 
ox4f yY^it*)i:ru yif) fe:^^sij$ti>it,o-c& 



h mUi. N. McKeown, H.lzzard, A. Mekkittikul, 
U. Ellersick. H. Horowitz. "The Tiny Tera: A Packe 
t Switch Core". IEEE Micro. Jan/Feb 1997, pp. 26-3 
2. aXXf^ Y. Taairand H-C Qii. "Syvetric Crossba 
r Arbiters for VLSI Comunication Switches", IEEE 
Transactions on Parallel and Distributed Systeas. 
Vol.4. No. 1. pp. 13-27. 1993. #M) . 
[ 0 0 0 7 1 0 1 {±. m*X'r-J:j.-'7<r)-mi:m-rm. 

-')yy^^i:^omi.z. ^^mfr>mLi,zr^^x-^h 

Smifihh, Zff)Xo^j:X^'J:L-y\i.. HRK:. x^ 
va-7$:l^-r-?.>'N-H'>xr*«x-< -/^=7>{y<rm. 
mzm<imtht\^oWmx. x^-=^:rivx'\i*j: 

[OOOSJ^^-tSfX^ri^i-^ti, M-H-^xTtitL 
•CX'f •y^.-K-hS:^<7)tja5ffiS: J: 0^j'^:5:<-rSTsrtgtt 

t UT. fli>5rtf5/'?^-/ hxo<y K:Stri>x^r5;jt-y 

S. icoafUi. M59fc: (SLI Px^ri;jt-5<o«^ 
(OJIOC. N. Hcfeown. M. Izzard, A. Hdckittikul. 
W. Ellersick. M. Horowitz. "The Tiny Tera: A Packet 
Switch Core". IEEE Micro. Jan/Feb 1997. pp. 26-3 

2. W^) . fcsv^i. =7^yYu\Ly-}j^ (y. Ta«i 

r and H-C Chi. "Symetric Crossbar Arbiters for VL 
SI Conmunication Switches". IEEE Transactions on P 
arallel and Distributed Systems. Vol.4. No.l. pp.l 

3-Z7. vm^m^mzt mt!tchh . 

[0009] 02 (A)Xtf (B)J1. §miM.Vy 
^y\^x3\iy^(7yT-^'rC'^-^^^1x^tOfitWi^ 
HT*S. 02 (A) iiZ:HVrhm«^T-^7-9^^ 
T'«. >y ^'*iX>f -y ^<7)-9->f XtCl^fctJffif LT L 

* ^ . ^■T'a -y ^'*»'N2fflc7)^ •yfe-i''SrS«tIX'?>^(t 

ii<f^<c>^v^*>^>T'S>i.. 02 (B) tzmthv^yv^ 
u\LyT-^^^fi-^MZ<nl!SS^i:^mth1fi. Wi 

hX^'>'^-*J y^^^Sr^-tSfcWcti. ^ >y-b- 
i^SSUi. Jp.-eo^x-^r.y h:^n y I'^^y 
^TL^r(tixtf^:'=>^:V^fcv^5^T'fcS, ^^i.{4. Xi^ 

[0010]$ ^,CfiiStC=5roT . HobV • ^< 
y— f-f • X^rv'i— 7 (RRGS : Round-Robin Gree 
dy Scheduler)*J^$irjt. Clilti. •y-fe-i^VN'.y 
=^yr (SSL) (ca-:?<X^>''a-5T-*0. #A:*J 
^f-h3&«Xiri;j,_y>^rj^5.^^,^ Z<7ymi:y^ 

Ati&!NFS¥ll-172584^?:#Bg) . ^-y-fe 
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hiziKif>hcoiz+^^tmifihi>Xoizti>. RRGS 
1 0 0 1 1 1 5fc-f , -m^x^u r^-f >'Mx^ri;j,- 

«ffl$^lSi:lR^-rS. tit. flegSU:»3=¥a- (VO 

Q) ^m\>^-cHOhrx:iy^yyj^izfctm-i>t^ 

xa -/ Hi. as^j y y^izX h i >'N-^r ••/ Yammztpt^ 
COO 1 3] :^3$J^tg;'ctl.fc, x*rV^-')y 

:fjTS>?>t^ti?,. mr-^T-i^^-fTii. sax 

§':>v^j!!Sll^lS*<^W$ii5*>^>Tfc5. 0!|;c(f. 10 
Gbi t/s<09-<>'a[S<?516xl6df-hX>f 
T\ X^ri/i-yy^j^fi, ^/^Ir yhmmmiz'ijh 
^fmtf=5:^-r. 4 24h'-y h«7)ATM-fe;KC*tLT4 
2ns-CS>l). v-^ryi^-vyPX^Ti/'A-^Srfigffi-tl, 
J©^, 1 6X16X>f •y^fJiO. 16ns 

i^-frTXir-zl/^ni.. 04C-?-oa:d^rXirv'A-7 

[ 0 0 1 4 ] 04 tJSV^T, «-^'ox>'\'A:>3'-K-Hi, 
A:')j}^-hX^ri/j.-5qEVA-;P ( SM : Scheduler 
Module) i^^h, ^SMti. lig!l<0 1 D-CftSSM- 
IDS-iTrS. 7>f>«i:C^Xy-9fyTr-fS-«^ 



htzjihiizm^^ixl, . :7nxAtvjL-;Pt SMiicoia 
m.-(rM5!m\t. ya-^</V'i'ci'y^'imtX<r)i, 

ffixhh, hh^hsmz^ ii</)xuyhim 

fttfJj/'XT'A^'^f AXO-y h (CTS : Current systea 
Tile Slot) T-*>S*»fcV^oCi:i:, CTST-^i^it 

hX'^^ii'^-vnfizmthm&<r>^T-~f)v 
-f) ti&a^-fri.. dtui. x^=ja.-y\izxr,xm^ 

iLtti. ^axA7rry y^tJ:ofi?*a!SitS^^ 
p- ^: y J: ^ Tl^-r 2. CI t iWlgT* S . 
[00 151 ^'>f AXO y hrttC. #SIVK±. T^'-fe 

xm$9tn]!i:h^- h izm LT^^^HSRoa **«*>s 

3>J (»5g) Ztm. ^i.ii>iTJtXD y He 

mtim&<Dmii::H-thztiz^j:im^. iifi-^x^ 

y{±. x^rv' J.- y y/^coiSSJ: 0 1 N^giSv^iSe 
•aiM^L5:»th.lf=5r'i.=5rv\ -f^rt)"^. SMJi, lo<^) 
xir£;j.-y>^^^Srfi=dml::. Nfi<0;< -y-b-i??: 

[00 161 SMy^-^'^xT<02iSi&7'^ yaSfci: 
t)fcX^-5rMC«0!t«){C. N;Py^'T'V-yK (it 
S?*) x^ri^'j.-yy^:^?:ffiffi-f2.::i:)&f5rigTfc 

5. -r^rip-fe. #SM<i. Stt^^xo y hOi!'-^r<tt> 

NXD«y hit'T):?-^ AXD y hizmLXXy'JjL—*Jy 

^^ftSS-rs::kt:^rS. -Koaigt J: 0 , SMtt. x 

LT^r $ ilT V >SffiOXir va- y >':5^^^{;:|| 

flf-x^ y5:A^J7^ yaS<0Nfig(c^2^-rS'^*< 
^rv\ RRGS«±ie<7)j:o^. ^^Ifcx^i^'x-yy 

^'N^r^-f >'X^rvA-y>^^<'3#fSt. N/P y^' 

[00 171 a5«i. 4X4^'aXA-X>f y^S-fflV^ 
fc«^«R R G S X^ A- y y >f A 

f-v-hT*)S. aST'tl. 4fflcOSMl-SM4fc. 

6. T7 • • i:OW^3!i«*$ilT>-^S. 

[0 0 181 HStCfeV^T. mtli^^J^Xa-yhTB 
X\ SMUi^'^f AXO y hTl 0Tai<i^tTd^:«6O 

aj:>]5i^-hc7)Sjf? (x>-i^*A-yy:/) smb 

li^'^ AXD y bTQtiJftl.X^yjL-y y^^^rffo 
Xi^t. ttz. JJC<0^>f/.XD-y hT6t*{i, SMltt 
:J'>f AXD y hTSfctJttSX^rya-yy^^jToT 

[00191 JJB^DJ: o t*SMA«xyi/jL-y yy^t: 



(6) !NfS2001-7822 (P2001-7822 



ifi. m<0 TfjifH^ (visitor) J (BP^, Ir^^fAXO 
[0020] 

iwM^miLiidfthmm] la-l^a^^j. rrg 
mmmimnz^j:^. men. H5S-ffl«<^sM<^ 

nyhiSliWIfltiJ^ TIG. T8, Tl 1. T9 • • ■ 

mc{±=5:-5TV^^l>, ^ixttRRGSiO|^&lf4lJ»*« 
Mkl>z^i>t\^o^i^LX\>^^, 
[0021] ^ti,iZ. ISEItSTI 1-172584# 
{c^SixSidt. RRGSJi, SMi)imL<Dm^b^ 

s^LTiso, ^s.xmmifimikiz^i>k\'^dwmm 

[00 2 2] i^C. RRGSTJi, SM*\ tfzS^itl 
X\^^j:\>^tii:h^-hi:m^Xoizmf&^iihtiif>. VO 

;&Ttt<^raS*«4tl.. fi?i|;c(f, 04lcfcv^T. SM# 
1 i: SM# 2<i-§-i. ^>ii/wai:^;J^- 

«^T'*)Sfc-rS, Z<7)m^. SM#1«. EI5{CTS 
a$ixS)i|51)ia;?»Ct>V^-CSM#2<0BUfc4XO y htO 
3-^03X0 yh^riftfxS^ft. 4XOvh«-3^>3X 
o-y Hi SM#i(c J: oTlX^><xSC:i:fc:^:S 
li^l 1-1 72 584-tS:#B§) . 
[00 2 3] CieOidtC. ±£c7)RRGSXiri;j.-7 

=5rvn ±aUfcJ:afcVOQ<ovKoA»*«flfi<^)V 
[0024] *5ffeBBoaM{i. RRG ScO||^t/»J» 

m-h:it\ziih. 

[0025] *l6Bjoflfi«0a WJi. VOQ^i-*iX^ 
[0 0 2 6] *l6H^<D$/i>tcfl!l<0B«Ji. VOQ-»?--h' 

xu- h sr^-jasrfl&ft-o^iirfigti-sx^rv'i-^^ 



Wlkttzuzhh. 

[0027] *%HBO^<0ffi<7)@WJ±. V^-mOVOQ 
y^^nS i:V^di:i*T4^T*S J: d^rxyi/o.-^ 

[0028] x^ri;j.-7iStttctJ{tSt,3 lOiOSfl*?? 

a. iJ:Kxiri;^_ij>^r$;^s^;^^,iT^;^{;:jg^ 

T'*S. c:<7)^(i^3|wo-9--t'xfpS (QoS) 

ig^r9--t'xw- hs- i 0 wrigtc-rss*x;p-r 

[00291 

im&i:mm-tht:»>cr^m *?imom i cowi^tzx 

tHi^ ^-y h^-i^l,ziHih'r-^eoyti~%:mm-h 

b . mL<OX:f]^- h X^=J^-)V^i^a.-fVi^-ri> 
X^rif^^^bi^-fh, ^X*ri/:L-)V^i;ji-lV 

<7m^(r>x^r^-Vixyi;:2.-^}>y-^h. xy-jj^ 

-;Ptvji.-;H±. ^i/:i.-)\4^TX*r'JjL—^)-yy:3t 

•y-fe-v$r§{tmt> ^X'rV:j.-)V^l/a.-Mt. S 
^&X'ri^A-li^'J:x-)Vim^X^it^- Y liZT9-^X 

LJ:ofc-r&1?3fe^:?'f AXo-y hSrtl«-tS. X*r-J 

jL~)V^i; j,-Mt. Wiz. t^wm^^J^xu-zh 
ifim,x^i^^-)v^ i^^-Mzx -yxmE^mnx 
mm^^^j^xxi^yvti^mL^tix 
iLXfmim^9^j^xu',vim.<nx 

iyjL -Mz^-iXMhtiX^^t ij^b' o Mz 
«-:^V>T« mm^S^J^xa-yhifi^U^lioil^i 
WSrrS. ms^j:>%^. X^iP:^-H^i;:^-Mtim 
m=<^^^JUXU yV^M^. X-Ti^jL-Vy^^^ V-t 

-'Jizmm^^-fJ^xo-y him^td:i::b^^ 

miixh.&. 

[ 0 0 3 0 1 x-f -y^crtx^'J^-yii. amWkff)^ 
>f Axn-y hi}i'J'mtiX^^tbtXim(>ix.X\,^?>b 
^t. mimk<D^-(M.xa'yhimf^(O^^J>^xa 

[ 0 0 3 1 1 x>f -y f-tt, mmi:^^-- ho^fi-riitc 

ntxm^<^^sL-i:^-rhim\iiij^sL-^ yyi: 
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[0032] %mi^2(rMM}^iii\t. X>( yi-ff) 
a) ^SX^Vi-ZP^r^-'j.-;!^**', mCOXyi^:L—)l'=t 

^-h<r>o*>cr>ir>{zT^-\:^xLXot-fhWkcr)^^ 
a- 'J y^r-^t X a tcmSl^ioaj^jjK- -^o i 

e ) mlB^f3l^^''f AXP y hi>m^Xy=jA-f\^^ 

g) mie:B3lW)^'^AXD-y ffi<OX^>''jL-/I/t 

iE^^ri;ju-'j>^^^-y-fe->'><i>. ^mtm^mz 

h) fiiB^iSLiftf^i^gltSJ&^nrv^SJ^. tism 

j ) mW^<r>^-iJ^XU'y Y1fi^(^X*ri;:i.-tV^i/ 
:i.-)i'\iZX'>XW.(:>tlX\^^£\^i^t,Z\imm^<r)9^ 

AXO y hSrSXO. miWko^9-[.h.XU 'yVimhit 

tzz t i^mamiX'^-i^jL-v y^^ <y-ir-i/'c 

jdx.hxfvyt. 



[0033] W^cr)X:h^~hi:mtXXfJ'thy'-i^ 

{1, ^ai:f}^-vizitLxm^<D^:^-iim^?>^^ 
iii:fj^^-^ yi^i:m\''^x^jL—( yiT^tii. m^<o 
Jti-Hznth§mtii:h^A-^ yir\mnii^- y \izn 

B<raeffisai:>j=^A->f yi^m-\Lxv-Y\t=f^^ 

[0034] *f&Bfl(7)m 3 i , -y h '7- 

^- ho a ^cojg«ai:»]'-K- h^T- rJ' Sri* I. J: a (c, 

Vs.- u s i^m<rmm.<r)X-hir^- vxtrVsL-^) 

U >'^^t yjL-;i'*fj y^^ttlc^^^it. ^ A AXO -y 

X^ri;a-i;y^qti;j(.-;l<)!»\ -e<^*>?:J'^AXO y 
*>iJ><r)>'N-^«yhj*ai^*«>^?r^£L. «-A:>35if-hX 

[00351 ^cJ^Al^J^^^ri^'A-l/ i'jJ^t i^'jL-yPS: 
frtS^'C^r.y hx>f •y^<0A*5K-hi:{fi*;K-K0« 

:/tv^9. ):frffiti. NffliO:?^Axa»/h2:#{ii:-r 

V y^^'ir act -fh . 
[00361 ±iexir v'a-u y^:^rffiJi, 

a ) 3S^t<0X^j/jL—;Uti;jL H<OXirj;a- 
i^'jL-yi^^^fijXrJrvji-'j yiTjf. -/^-'Ji^mt 

hXT-yrt. 

b ) lulE3S^t<OX4ri/jt.-;HEi/A-;U4?^ luSl^cr) 
aj*5K- K^d 1 otr^-bX U J: 3 i: -^-^^^IW) 
r^^fi^xn -y h5:^ft^»:7k-i»rt<:0#^O^'-f AXn 

'/VliZ^-thXT-yTt. 

c ) ti5iB«aoaJ:>]sK-he5d*>oio*1uE;B3|50^' 
AXD -y hT'(7)Mmfflfc:xiri;^_y y^^-tS J: d t: 

MjR-tsxx-yrt, 

d ) iUa4f*<0^''fi»XD y h*»'ffi«X:}r>''jL-/Hti/ 

si-tVliZX -yXmaSL 'b^lT V^S 3 *»$-iHIBrr & X 

e ) |!^^§*cO^'^AXD-y h*«ffl2<7)X^x'a-;l^>'' 
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[0037] $^>(i, ±Mxy~j::.-^)>yimi. ^ 

i^^c^nM r 7^ y9m,zx 0 jiff L , 7 v-i.<o*sgT' 
iHli^tc^T-tl.. 

[0 0 381 ttz. z.<nx^v:L-^}y^-)mA. mS 
[0 0 3 91 ±IB:^^^vA-li>-^*a{i, 

|.NXN-7MJ:?X$r#H3-rS,rtfcJ:r)r, 
[0 04 01 

(Carry Over Round-robin Pipelined Scheduler, J^T 

CORPSfct->d. ) (±« i«a^'oxA7T7'l» y:7tC 

-v<m^^^mi'fhh<m:iyh. corpse, % 

aut >f v r y y -y ^' >f >')!ESt3 itX^ ^ >SciO 

^rrs^i-i![r-^x^'f-A'*<i®j?$ixs. mc. rrg 
[0 04 11 $<i>fc:, «flS»lli*»fcN 

:K3fetf>^i.'^iut:5'-fAXo-y hSrSM 
x<rm\Wi^<ry7 v-h, (m&oi^XT-J^xu yhi-t 
^x<r>mir<$:i,z^tily)y~J>^ncoxa'y bJr-f yf ^ 
yf ^'x{:j:-5r5^StLS<Ji:7W-ArtmD«y 

[00421 07{±4X4g5tVM)^'XSr*-raT'fc 



0, H8J1. muzTpLtc-^hVi^xizni-h^ury 

-(y{t^titz^-(J*X\:i'yyMmfm^:i^lX\,'^i>. 

(om^zmzi^t^lx\^'>hzt^zm:t'<^^Tt)i>. m 

Z.li. iyXTAaM^<^^^M.XO yh-ti^y\y—M.(D 
m2XUyhX'h^t^^ SM#l*«iJ:7t— A<^)||4 

xa y hizmt?>x->-i;sL-V y^^m^i LTv^sra 

SM#3«»:71^-ix<0?B2XD-yhfcS^SX^ 

[ 0 0 4 3 1 @5t-7 h y ^';^5:i3Effl-rS ^ 1 1 J: 
tt3&*7l/-ix-(bsn, :?'f-6»:;cn.yhiKi5ji8fl5*>-ffl||]fi«> 
tc^S. Vita. 7V-J.Fifc:i>JtS«-SMf:^{c 

i^-J^F iff>^-cmf^lzmk^ti. xiri^jt.-*jy^ 

e-oTS^TSfc^rO, 7 L—A F 1 (Tl^X'^miZ^ 
XOy hiSHlJi^ (TlO, T8, Til. T9 • ■ 
mRimmi}^m^iz^j:?>. StC NxNg5fevh>Ji?x 

jiSM<:oflaatiiLT««oiEsq^<, ^-aflijfc-c^' 
>f Axo.y h<«igmfls^«»r5. 

[00441 @9«i5X5g5tvhy^'XS-5^-t0T'J> 

0, siott. m9^z7JkLt:'7ho^x^zn'rt^ur 

y>(yit^tU:i^-(M.XayhmBiimt:mfFiLX\.'^ 
S. 7P-Ai>--fX{i5:?-fA:^o«yhi:!3r63&f. N= 

4<Dm^tmmi,z. i^-fj^xayhimm^tiw^m: 
i><Dk^h. matmmiz. 7w-AFifc:iitts#s 

M<ommzmB-rt t . ^SMcox^ri^i- y yy^ 

ima. y\^-AFi<^)9iMTmmzmh^ti. x'r'j 
i-y y^TS^i'^^) ^^fAxa-y hcm^fmipT i 

0-»T9-*T8-*T7— TG^TlOt^rO. 7k-A 
F105|dgTram=^T-tS. SM<0<fflfttWUT«« 
<^IE«i)^< l^-fflliJlCT N X NgJtV h y XiSrffl^' 
^htii^. RRGShilSKLTSMcOj^aitXMW**^ 

[004 51 NxNftifeVhy^Xtt, mmi-ai-fyjt 

•y-b->'SigLc7)Ht:tr|6l{c. SMcO^^HiE?-*?,^ 

isitor) J - (Hl*>. 1 ^'-f AXO y hff^TjSM) {;J:-5 
xmzm\itifztii:fj^- h JrSUc: t SrSttnif , n y 

[0 04 6UUi«OJ:ot. i^SlftS:7U-Afl:LTg 
^t^hVifXtrm^tz^^noZbizi*). SMOli 
i«c||LTffi^iOKSiJ^r< ^'f a;^o -y 

[00471 Mtt, *%HBT'«. ^^8JlT-=^f T^'^^a 
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[0 04 81 01 1 {4. 1ffiRcO:^irv*jL-5ti^'jL-;l' 

:^^jrt^bifiX'th. =S:iJ. ^LiW^?:g(tfcxn-y 

§iiS-eS)^d. ta!oT, WmLm^t,zX^XJSLhiXt 
XXI y H4, ?iSWtff-t^a y 'Ja y^^lf. 3 U V 

it. n^(D:3 0'J3yimi-ttyiMznmc^yi^- 

[0049] v-Xt AcT)^ t ij gm^$:Mtrt5 1 * 

izx-yxf^^ti^yu-Affymu. m§L9m^m 

tzWiCOXa y KcfefcoT Ubffiih^-htcjtLT ffi 
trn. 1 o<oxa -y h3&«, mmizmLCOa *J i^a yirm 

^-tixoizimmm^K 

[0 0 50] SMa*\ ^xA>iut'-K-bpt 

i:oTJR^.ii7t;xn-y hmSr^ott. ^lixt J: O^iSL 

tLXSMaiZi-^X^mtVf^XM"/ h5rmxt-t 

XO y hmn ( l^n<x) tOV^-filt. 
hpt:ov^T{4SMa(c:t-:.TjpJffl^ (laih, fa-/ 

^yi^) fc^rs. a-^T. ::oiia±«ii8t4. ^i(>tLtz 
xay htzmti>mL<^^ V yim±$ti&z 1 5- 

[005 1] CORPSX^'Ja-V y^^Tfl^^fV XJ=. 
MT-^^-xiz-^wxmmL. ^crM.. TJl^zfOXM, 

ff]^^z'o\.^xmm■h, 

[00 5 2] #-b;PXD-yhT\ f-i^ yrtcOj>S SM 



^'J3L-*}y-fmn (scheduling eleient. JilTSEi: 

NfflCOSE«r*-fS. S^-y-fe->'m:lTC07*-V.y 

[0053] 01 2(4. Sp<-y-b-i/07*-V-y hi& 

^_ijy^|gSEl4, W^^iTTL : Tiie To Liv 
e), AXO y M D (TS I : Tine Slot ID) . S 
M- I D. Rl/t^:h^-hl D ( OP I : Output Pbrt 
ID) if^^Kci. 

xmMzmz-tyh^tih, 

■ ^''fAXU yMD (TS I ) 3^<0TS 
AXO-yh) i^^xa^hifix^i^ji-vy^^tiht 

X'CDxay h^tLxmrn^tit. X->^i^sL-Vy^^ 

• SM- I DJ4. X'^-i^jL-Vy^^'mirLtcMJ^- 

hX^i^:z.-Vy^^=J:z.-fl(r)lDX$)t. 

■ tU*;K- M D ( O P I ) <4. Xiri^A- 0 yy^tl 
[0 0 541 Xa<yKOg*Jt. «-SIVH45ttfrSSM 

*>^>sy •y^r-i^'2rgfl^5. ziHi. m^<r)nm<^x 

AXD y h Sfc 0 fc*>7t> 1 HKOX^rJ/^- IJ 

M pJ4iaTOrt^S:W-ri.»rUv^ S E Jrff^-rS. 
[0055] • TTL=N 

• TS I ='mffiXxi^Vif^t>WR'^fvt^9^J^xxi^ 
Yt.X<r) (-eitSr^tf) Xo«y hcolHRm 

• SM-I D=p 

■ OPI=:?^AXP-yh (CTS+m) \izm^hn*r 
y hi^XiJ^- h P i^i^ajAdf- b q fcBKJft^iiS J: 3 

[0056] x-yi^jL- 'J y^m&izii^*^iy{;>-r. 

Mii^if^eOSfAtZ^yk-i^iWi-tmiiZ^ S><yHr-i^ 
rt£Ofl6c7)-f^TWSEcOTTLi&T^"J>>'hL, TT 

[0 0 57]#SM{4. {U+D Nm^miiStSJt 
ti;TV>f SC^#tS. fitI<0Nffl^B{4. ^OX 

/N'X>( •yf-t^'jL-;NCj:-:>TS!;^iai$ix53S7P-A 
iDXirv'A-'jy^^^2:ieSi-rS. Zil(>mMli. 

•t^xcosMtmv. ^yi^-Mzmttm-t^y^i: 

T^-tx^tmi. mmzi^tii. sm{4. i<oti«sr 

fti*tS5tJ^<4^>-\ S0ON2ffl<?3fiSt4. ^«0X 

y Tl^-f J4iaT<07 * - V >y h 5- s . 
[0058101 SiZ^X o i:lT<07 
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■ :J'>f AXOyh ID : SCTl^-f -^^^^ >T^'XT-J> 
I,. Ztm. SC{iM*>';^^ri;^_ij^^^^ft^ 

a-yPC J: -5Tfi»SitS^^ow;;i'^' o »/ k Rlllir 

[0 0 5 91 ffljh (Blockage) . ZiHiSMifiX^i^ 
jL- 'J y :?^i^*?;Sr-r S t ?r ffljh^tlT V^l) aj:?J'-r- b 
«0S^^^i|-r.S. c:co7-<-;UHWiNiitT'<ox>' 

[00601 • (Reservations) : ZtHi4-i htL 

■th. CORPSJi, S^'-fAXO yh (CTS) tCSf 

>'N'ti/'j>.-;Wi. ff«cosM (CTS) ■fe;K7)=s 
[006 11 CORPSX-jri^jL-VyyT/VtryXM, 

#SMii. ^::T'i»HHl-|.coRPSx^rj^'A-yy^ 
T/W:r«jXAtc|a!d. CORPStcii. ^x.t>ixfcSM 

mtimi^i^w t'cr)\ii:}j^- h ^x^i^^L-o y^ 

Qt1^-h';^■r&@W<o--K' J . 0 1 4J±C O 

RP SX^z^A-V y^^T/Wd'UXAi&Srf 7n-f-^ 
-hX'hh. UT. ^X^if.-,9X\^ 1~1 lOt-P 

[00621 ^'X^'l 01(C*JV%T. fr<OSM*> 

A>S;«< v-b-i/'$rg(it. #SEtCStLTTTL (#^ 

i^S) ^^"^y^yv-th. 4x^ti/v:SE{cw 

LTTTL>0iOi®^W±. TSI (^>f-t.XU«yM 

D) ^T^y^yhU. Tsifc:*j»t&^tyrV'>fs 

•y-fe-i^>/i>|^-tS. tit. 4f-v'J- (CARRY) 
75^^^CARRY=FALSE{CU-fe y h^-S ( 
5'10 9#!S) . 

[00631 ^V^T, ^'^^102 (W^XU-,Y<m 
%) ttJV^T. mW'£^-^Y'}9X.^m\^X. 
^^M^XO", y (FTS : Future Tiae Slot) ^X 
^z^A-VyyLi:ot-rhi)-i:mM-ri. tSS^eotz 
ib. -ecOVh'J:7X{i, FTS = f (CTS, SM_I 
D) <oimmLfizx.yzi--V^tidt. 

[0 0 641 Ht, SVlim.mmtZi:</)tii:f3rti-h (O 

PIS) iX'^i^A-vyi/tXot-m^^&Si-rh 

v^mm-hxvyT-i^M. mff)^x^oy!^\.zmh-f 



t^Weth^hh. CORP Slid (JDJ^^.h^T-J^'^rJg^L 

[00651 aiV^r, SC (FTS) <?)f'**>X>'hyo 

^*>T\ su-iDl}iZ(r)X^i^:x-yy'^^mi-rh 
S M tC^ L V » t <7)*iJ> S if p *> S: mtf - X -y S 
(tyx^' 1 04 : ;^b-/ ViU^tm^LX\^htP<r)T 

XV) . 

[00 661 t>L, SM-ID*<C:«0>!.^i^*i-'J>'^^ 
^Hff-tS SMtS^|.^:^>tf ( ^'X:? 1 0 4<0N 

o) , Mtc, sc (FTS) <oajhx>'M;<od'^'e, 

OP I (aj:^dt-h I D ) i)K x^=J:i.-y yi^iUih 
rv^&ai^J'-K-hOP I Stc^LV>i,<0*iS>S*>i: d*» 
^f-x <y ^-f S ( ^'X^' 10 5: e^)-«l!Bjt$ilTV^S 
*HOtX h ) . 

[00671 e^h6*iait$itTV^5^^>{f ( 1 0 
5C0YES). Sy(y^-i^^^^cr>Smzm- (9X9 
106) . 

[0 0 681 '^Wm3t^1xX\^^j:\'^j:t,\i (9X91 
05<0NO) , SC (FTS) (7)^l^yh*J(r>o*> 

•C. OP I (tHJjTii-V I D) x^i^A-yy^^ 
U^X\,^hSi:f}^-hOP I StCif Lv^<,«0*«feS3&»i: 
d3!»>?:f-x >y^-r* (:J'X^'10 7 :-f-<0Xn-yH4ffi 
A>itTV^S*H^)xXh) . 

[00691 ^<7)Xti -y hiWR/^ixT Vv5:v^i@^tJi 
(:?X^'l 0 7iONO) , SC (FTS) {C, g5<^S 
M-I DSr^rLOPI*iOP I S(C^Ll^i^*«p:>'hy 
Srf^^L, TTL = N. TSI=FTS-C, SM- I D 
»4aa«ID{:^L<, OP I=OP I S-CJbSSE?: 
f^fig-rS (9X9 108 iXO yh^WLh) , -f-cOft. 
^'X^' 10 6 ( S^ -y -fe-vcOgttSL ) ^jitf. 
[0 07 01 Z(0XO'yhi:^^im^LX\>^?>^ 
(9X91 04c7)YES) S>SV^a-e-c7)XO -y 
lX^>fLT<-^i>J^ (^X^l 0 7OYES) Wi. ^ 

CARRY=TRUE/'FALSE*f-x«y^'-rS. C 

ARRY=TRUEC0^W1. SC (FTS)<Offljl: 

OPI=OPISC0x:/hyS:f^|£L. 
^^•C^rV^i^fctlC ARRY=TRUEt:-fe-y h 
St. FTS = FTS+Nfe:-fe-/h-rS (^'>^^'10 

[00711 r?;^^ 1 0 9izX *)1SMLmi!^i)^m^$ti 
St. m\'^xm^i-Ji'y9ififr*>iLh (9X911 
0) , fiP*>. FTSti. CTS*>f>2N2J:0ii<t(i 
<lTli^f>^V\ (FTS-CTS) >2N2-CJ>SJ1 
^ (:J'X^' 1 lOWNOK) . X-y-sAy-k-i^iOil 
TJPi^+jh-rS. FTS-CTS) g2N2<0«^fc: 
« (^'X^' 1 1 OCOOK) . 9X9 1 04A.MI). 

[00721 CORPSTtl'ZfVXAim^^hZtX'l^jL 

r<7m^^^ti>. f^'f9a^<nhtvoQi\t. mm 
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hZtli^^\ VOQq3!p'SMp{Cir>T]^$iil»t 

[0 0 7 33 |Sltai:^J^-hq2r3Si^LTX^i^'a-'J 
- h q tcJt LT S M i t J: oTX^-j^'a- U y^^SitS 

I Hi? (At) -nj« (At) I 
T-J)-&J^. m-7xr (m-ilfT) -CfcStV*^. m 

[0074] CORPSE, m-^ ( KmgN) T 

mzWL^ixX\>'^?>t^b' 0 *>c7)-fx h ^-r 6 i t ? ;tT- 

mffl<7)SM*iXo -/Ft stCtSV^TffljkSilTV^^IrtS 
t s + nN ( Kng i ) <7)StCmffl<0S§XO y 

•C*"), U*»t>, Zlxt><DSMiiZti(>eoxayhi,ziet 
tt><OSM*<-e<i-fiiqtc:JtLTX^rj/ji-yy^^Sr 

u-j:.<7)Nmrmmthxu'y hizntxm^Lmi'r. 

SMti. ai:'j4^-hq{C:*tLT»:<7)i 7l'-A{Cifeg|5T 
yt/^m^i^tlt i 7V-A<0i NfflOXO y h**^©*^. 



[00751 MWO^Hmm^'^hcOX'ht, ^tl 
^'n^^<0j>SVOQ»i. fl!s<0SM<DJtjC^SVOQ<0ir 

[00761 av^ft^cotfcT'ji. ftaicoai^j 
mtmmnmifi^tiitfR^tiii. •t^xmtx/i' 

-7--yhSr*fS (014<O^'X^'1O8) . 
[00771 CORPST-^x^'^^'t'5<,^T<-Ko 

yi:^-ri>fMzmm'rhzti}^mx'S>i>. mt 

/dJ*>0-C*>S*^ «>j:3i:<J:<0XD yHrtJV»T. S 
SM*>\ mt^-^y-^hizMLXm^i^ (iOifiv^ 

mmMizmm^&Q:i-^mi,h&. mm. mm 

u^sMtmx'^mmTiffzm^. mt^vi^^y 

izii\>^Xi(^izx^=JjL~oyy$ivf::^-<iry h^m 

m^zmm^:Rli^i■. mmttm. i-m^c^sM 
tm^LtzsMifi. zffmmizxi^m^xmTif 

fz^. i^Xy-Mi. mMzi-lmnsl^a)?^1mm 
tfccofc|B|t*t®Wi^rv\ Z<^xir-J:x-^\i. mi 

[0 0 781 coRPSii. mL<r>yi'~Mzi>tz*)f^ 
^«y YX^'Ja.-^jyiTiimfhZtliZi.'iXmmi^ 

mth. m-yx. m<^x^'>':i.-yizit'<.x . ^^/^^ 
•y < tch timth c: t tit i: 

5. Zffyftlt>. -ah^^^ y^'COt.fcfCORPStfD 
aX:>-va-'j:^/T;l'd''JXAtlt'<.T, y-Xy'M.i)^ 

t>mmmmmhztTf>i>. 

[0079lh57-f<y ^'flj^t^ttl.^N-^^ «y hj^t 

CORPS<o^«f^:T;l/$rfpj«-ri.. WTt'ti, fS 

[00801 ( i ) -aih77>f >y;7?i»aS, t>J:t^ 
( i i ) #SM{Cil,7^^^A^VOQ^jLHStl? (0 
1 4<0^'X^' 1 0 3 ) . 
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l0 0 81]^-x.^iXfzSMmCr>. ai:*3^-hn5a<7)^' 
OCD>'N*^^>y h*«l':><0A:'j^-Kcfi|«-tl>li$*^pT' 

[0 0 82] VOQSiRtcWL-C, ^i.^iXfzSM<7)^ 

T. '^mvoQi)^^x^j:iftni . tiimm^timmx' 

hh. IPXf. Chipalkatti^ ( "Protocols for Olptical 
Star-Coupler Network using WDM," IEEE Journalon S 
elected Areas in Comiuni cations. Vol. 11, NO. 4, M 
ay 1993) fctafdi:. -r^TcOVOQcO^iJffl^A^p-C* 

^i-WffllStiH- (N-1 ) P^ZX':,•X^■X.t:>tlh. 

[0 0 83] cibmm<<zw&-t^mimim. 
-yizi-oxmn^tiivmb-rt. q*<SM=¥A-** 

[0084] r = /3q==p/N ( 1 ) 

[0085] Q.„<7)^l.t v^JiJaT^7)J: d^itT/Hb-r 

5^t*iT#i.. ^•<ir'yhmmm^iimi^i}^iz. j^y 

^-^p/N<^M^«tfi!o. Hi. SM 

S!«?$ii:'::^. Hi 4<0:J'X^' 1 0 5K«-jT. X^-v* 

X'hh^. 9mf^y'vv-ifismzi:r,xmmfiht 
x'<mmmi. ^^=71^-9 s = q < 1 - ) mm 

"rtrnzm 5 . ^ XWi-f^x<r>\i^^iir^- h i,zn LT 

m-x'hh<n>x\ ±.mm-Ta^nb^z.bti^x'%h, 



xm:m^X">XT-Ui}>(,liil, 
[00861 ai 5<4. Q„=^fa-^y^^y;^TAt:ffl 

tt^-fGeo (p/N)/Geo (s)/l^jL-fcin 

*>s. ^-^isr-yhji. z(o^sL-^tiitb. mmD 
m-h^^(^ij&<7m^ti,mmx'hh. ztm. m 

[00873 CORPSi&ii3g1-|.A^-yh<7)jgj#JIg 
t4. Geo (p/N)/Geo ( s ) /I 

S (M. J. Karol, H. G. Hluchyj. S. P. Morgan. "Inp 
ut Versus Output Queuing ona Space-Division Packet 
Switch", IEEE Transactions on Coflnnmi cations, Vo 
l.COM-35. No. 12. pp. 13*7-1356. Dec. 1987. #83) . 

ztm, ixcoxoizmKzbt^T^t (^fc. a^*± 
m^<~xmiLx\.^i^imii. Bama^^^-c <> 
xm^Tm^Lx\>'>?>^>nbm-'X^>h) . 

[0088] 

[»i] 



D = 



PS{S-1) 



2JV 



+s+] 



(2) 



/c^'L. S»i. Ge o ( s ) l^i)-?B<7)5|$3gBrc& 

[0089] Q.„*^S?$iTJt (5feSv\-ir .y h*tGe o 
(P/N) /Geo (s) /lJ-aj^)1^. VK^*^ 
*iW»*iecD#S. ill*. SMmJl. iStrLTV^SJ^n 

(01 4^^^^;^:? 104) . xa-/hi3^. SMtcio 
T, a}:^J;K-hnfc«LT0r^r?*lSil*S:Po»t1- 

[0090] 
[»21 

2[1 - (1 - r)^-^^]' 



(3) 



[009 1] CORPSfciittf, SMtmiXX\^hX 

0. -e<^)SM*«^|?»LJ:dt-ri.O^HLil:-tS^t*«-C 
[0092] S M*<V^-f*l*»iO;lf- h SrBfW 



Po=l- (l-Po»)" (5) 

[ 0 0 9 3 ] 01 4<^^'X^' 1 0 4(Cj:-:>T4tl.«l# 
28 <Do> {4»:*K:J:oT4xi?.fi6. 
[00941 
[^31 



(13) !»ra2001-7822 (P2001-7822 



(6) 



[0095] SMmi^g^JtlfefUtXO y h*«SV^TV> 
SJ©^ (014<O^';^.:5'1 04. 1 0 5 , fcitf 1 0 7 



P[D, 



= jW|t; = ll = | J 



[0097] Ua^O^tt^t . SMin*iXO y b Jrlfth. 

CORPS;?.^^i^'jt.-7(i:^3fe<01 
yi-U>':/-rSA»'i>-C&S. iXt::. SMs (s*m) 
<0ffiSoaj*5K- h (!Rffcai:^J3K- h n ) IZMth VO 

0 



PSatCtSffLT. jlSDe{iN*>(i> i NtT-<7)ST-^t> 

[Dcorps = jN I v=i] t-fS. M;c.fef. m*W 

[0096] 
[»4] 



(7) 



[0098] 
m5] 



(8) 



[ 0 0 9 9 ] ^ ( 8 ) CDJigJi, m*iXO -y hS-lftill. 

iSa<OSMT'i>^li^. -tc'MffiaiTti^^t^iNT'* 
ht\''^oZkT3b?>. Tm<0-^mHi. i-lffliOS 
M*«m<OmfcXD y hSrlfeh-TtJ©^. C:ii^>cod*>cOj 
- IfflcT) S M*5m t S t V ^ 3 i i: T' 
(D„,p3 = jN*>Ov=i ) C7)jg<0»l&<7)|^^ 
^mi. IMi'n^tzi/'N^mttZbtzirtX^ 
i,zmtil,-tlZbi)^X't&. ^j:-^*£h. SMmli. ;^D-y 
M g i ^N<0 i #g<7)|jS^#t'i>&:: t*^L<ilA» 

t^Lyt^t^hX'hh mim^) . 

[ 0 1 0 0 1 1 ow/t^r .5, hiT^^nEiDeJiiJi: 

[0101] 
[»6] 

Z^* = l + i[l + {JV + l)(l 

(1-r*'-^^) 
1-r 



^ MJV - 1) 

— i— ir + iV 



(9) 



[0 1021 CORPSX^rv-jL-^tliO^tS^ 
[0 103] 

[im_ _ _ 

=:^+Be (10) 



[0104] m.'t^^mk<mmiPiX'hh, ztt 

[0 105] 

[S;8] 



2[l-(l-r)^^'] 
r 



+ 2 + r- 



(11) 



[01 06] Geo (s) {CJtLT. <S>=l/s 
t\ <S (S-1) > =2 ( 1-s) /s2-CJ>4C:t 



[0 107] 
[»9] 



(14) 1^^2001-7822 (P2001-7822 



D = 



, N{N-1) 



+ - + N 



1-Po 



N+i 



'-r + N 



(12) 



Jt^t'L. s = q (1-Pb) T-ftS. fi*J<03^«. X 

a®tcit«;f ^smi. coRPs^o>'^•^7•7>f > 

[01 08J 01 6t, CORPS<7))lSS*X;P-r>y 
KO»«fW»*Sr. CORPS;^.^ri;jt-5Sr(ii.yil 
6x 1 6;^>f -/f-o>'5Ai'-i'3>'fcllJKL3tt>oS- 

^ i: {c J; 0 . >'^•^ v bA^'SMxy 

yinmt. coRPS3SEt<?)0tcitv^*sj,s. h*» 
[0109] ^toati, a^<o-r^-c<o«ii$:atT, 

*«J^^$ixi&«>i> fc t= ) ^jL-^y^fnmti'm. 

fcV^T. CORPS4»'a*<J±3t^>V^T»r^-&C:i:5-S«lc 
f^. flfcfr, CORPSlcJ:oT^tS¥^®J±. li 
fl^OJ^cot>J:-ei7^-A*»<i,. m^O. 8 St 

[01 1 0] ^2r»tSttf>. aiTtC. 16X16 

CORP sx^ y i-izmh^m<^mwim^7^-r, 
mmi. i^iJLU-i^ayifZX-oxmi^tifz. nm^ 
0. stJit^o. 8 5<7)j©^<ot,<7)T'j)S. i-r. v^-r 

J:'9^<tt*»*»'?>=Sr>'^c:i:fe:aB$fiS. ^tili. CO 
R P S T'Ji^an U i^' 3 y ^ t $-fr LT V ^^v ^ 

CfctCil.. mS, ^^(D'r-Mi. NV2=128 



Psup = 



2(1 -p) 



^-y hWitmZi&rf<XoTi>i>. 
[Oil liai8«. CORPSSrl^-ri>J^XTA 
yo y^at'AS. VOQMtj;jL-;M±. ^^-tr-yh^: 
ISM^iJ^^-y^OQIiZMlh. tfz. Z<D^i^jL-)l' 
^Hytifi^A-izmy-iX, SM=ti^A-Mzit 

iz-ouxmmth. zcrmaiiv oQmz^^^ti^ ^ 
i.^>iutXD y h(cijv>T. ^^■ir-yhi)\ ^m^tih^ 

[0 1121B4'. SMt^'oxA3yho-7<^)Sc7) 

[01 131 xyi^A-Vyi/7/V=fVXJ^b'o LO^ 

e^^^TfcS. lll<OSil?^{iSv^x;i.-r-y hT' 
;5^,*c. voQTl6frr5xyi;a.-5o;^PLS-it 

C0-{TU-i^3yX'ii.^< l-fxW— i^-gycOSLI P 

0 1 HiOgH^^-r S i: *«-C# h t 

S. i-SLiP (i>i){4. imWfc:. xo^hS 

omm<^x^>fjL- y y^^au^SrSS^tS t iz^ 
h. 

[01141 /N'^^-vyxJtftHtctiv^T. W»fW*£* 

h57>f •y^'t^trSRRGSiJiy^SLI PcoSJE/"? 

[0 1153 
[fcio] 



1 N 



(13) 



(14) 



[01161 RRGS<^«t30V^?l4, *aJHAtJ: 
S!^ii¥l 1-1 72 584^tCiaiE$<lTi>0. SL 

I P<0jgllt-?»r^T{4. N. McKeown. "Scheduling Cell 
s inan Input-Queued SMitch", PhD Thesis. Universit 



y of California at Berkeley, 1995, (=£S:^il'CI'^ 

[0 117101 9tC, Ztlh(/)7fl::fOXACO^^ 

miX)U-r-yh(0^-<y*-^yx{:. corps tJt 



(15) 1^2001-7822 (P2001-7822 



CORPSE. mmifi±^<^j:mizli.. sli PJ:0 

J: an, ztiii>m»mm. ismm^. rrg 

hggyNVi-y hS^^rtS. RRGS<^it^. ZtHi. 

hh. coRPSio*^. mzmm^fM^z. mm 

®i3Ui^'3>'»^tii.i><ot-*l.. L*>L. COR 
PStt. RRGS{CJt'^T20<7:*J;SS:*f S. 

( i i ) g£IBC4^¥^X^rv'i-5-C*S. 

SLI Pt,^;t^¥^:Xirj/i-7t:'*S*^ -fiony 
i^'H^JB^ItrQ-fe^lti. CORPS<Ot<7)i:{4^<S^: 
h. 

[01 181 Mj^tOioC, CORPSJ4. i:oai:ft.-K 

«r>r)Vd')Xj>.tiK coRPSfcttfc, voqss? 

mz-:>\,^xmmLi:i. m<DvoQmmxhyr-i^<^mi> 
-^mx't>h . vo Qmsi^ V mm^x v 

x{z-^m-i>ztifx^h, 
[0119] ^mmmoQmixvyy-'J\i. voq 
jgiR^«*«. amx^a^-vtiimnz. x-fjr^-v 

(VOQM) ri:ttf*><lSt<0T'*2.. CORPSc?) 
mizm\^tiyy^M.m(.xhy^'JiiZ.O)ifyXizm 

[0120] «*f+g=^^jL->f >'^< (WFQ : Weig 

hted Fair Queuing) {J. ^'t^r -y h^gHtXftt'fc*'^ 

X)tk<^htifz^-\::xxvy^i;x-hh (Wxtf, h. 

Zhang, '^rvice Disciplines for Guaranteed Perfor 
nance Service in Padcet-Switching NetMorks". In Vr 
oceedingsof IEEE. Vol.83, no. 10, pp.1374-13%.0c 

1. 1995. #fi) . ■e<o#i.jr«. m^<nmMzm.-^ 
X. }iii}')y9^miiznLxis.^-^hWk<m:^-m 

-h'XU-h$:ffl$i]-rSt>r^dt<7)T'S)So VOQ C 

oRPsx>f >/^{cfcv^T, ^^r^-v^mi. hhm 
m^m^ y v o- ^tc i -oxwu^vooimizmi 

Kov OQM^«^i-?:j@i.^rvU a tc5l»J1-6C: t i)<X' 



[0121]!/- h^m-f—t'X ( RC S : Rate-Contr 
oiled Service) Mftii. ^>ix;th 77 -y^^O 

^v-^'x>'^u4^•<>'^■c^K-5J&><!DA- 
x^tti^!ltt?&g!3t•ri:^R^s (L. Georgiadis. R. Gu 

erin, V. Pens, "Eff icientNetwork QoS Provisioning 
Based on per Node Traffic Shaping", Proceedingsof 
INFOC0M96, vol.1, pp. 102-110, 1996, #Bg) , C:iX^> 
<^mii-mz , V h "7- ^' <7)X 7 i^iza »t I. h 7 7 

^>y^'$^x-^N-(cJ:-,T54*J$iT.S. S^oC. h77^ 
•y:7vx->'\-{i, ^'SX-^-yf-CtEM^il. h77^ 

ffy&miZ^oXoiZ^tlh, h7 7^ y^>'xwt«- 

J. Turner, "New Directions in CoHuni cations, o 
r Uhich Way to the Inforaation Age?", IEEE Co«ini 
cations Magazine, Vol.24. PP.8-15, 1986. (,Z^i^ ^ 
<^J:d^r;l/:f'JXA<?)i-:>*5!BiK§ii-CV^&. 
=5:U-^WN>^ hti. 2o<^#A- ( lottT'-^ffl 
T\ loJih-^'>-r=5:i5VN-$ yhffl) ^r^r-rSv 
XxAT'fcS. =^JL-±<7)x-:5'>'^•^•y ^-iiX 

1fflgt«>''?-5 -y b<^A*<ys:-5 -y h^jL-(C|Stt$it 

[01221 ±iB<^)2'5^0^?--h'xami. >'^'i^ y 
V fc:t>JtSi»--t'xflll (QoS) <OHMf- h 

z(r)Xo^j:Qos^-hxh9Ti^ii. 4mmm^ 
^rff)i>ff)tz^hztt^\,\ ^tm. m<7)hyy^y 

^xh^j-Ata mmmz . voQcJo^sjsfis-r-b' 

[01231 wmmvoQmKxhyT-i^'ii. voqs 

JIWX>f «y^rt<7)VOQtf?-t.y h^«c^®t*S#t* 

«-7n-co-9--t'xfcm4^I.J:'5i. 
T y hiOi d^:X>f -/^W<7)^i>i\,^i:&.<-tlZt 

^■C'fiM^I.<^)J±. Qosm^^mzm-h^^^sb 

[01241 ISiBWX b yT=Ja)^. ffiOVOQ<0« 
!S<0J: d^:iiaiHi«S-CORP sx^ri;a-7fc:liew 

^^-mmizm-thmii^iz 
f<xhx^inia^j:fy^\\ 



(16) 1tS2001-7822 (P2001-7822 



[0 1 25] ^^-yi-y^/fsimtii. ^-t^tif^^^ 

"CSyh (Cornen, Leiserson and Rivest. "Introductio 
n to AlgorithBB". McGraw-Hill. 1990, . L*» 

(TMiSckiZ-th^. fc«c2g|5V-y^y/ (MB 
M : Maximuii Bipartite Matching) '^irMKi^t^h 
i) (R. E. Tarjan, "Data Structures and Network Alg 
orlthas". Society for Industrial and Applied Hathe 
■atics, Pennsylvania, Nov. 1983. #88) , SS^Srlf 

m»TM BMim<T)i'^o xj:.mm^t&TS> s ( j. 

E. Hopcroft, R. M. Karp. "An n^/^ Algorithm f«- M 
aximia Hatching in Bipartite Graphs", Society for 
Industrial and Applied HatheoBtics J. Conput. , 2 
(1973), PP.225-23U #»§) . ^HBBTil. VOQ*i|£ 

^hii^^mt^h. mim^^^Th&ij^. coRPsfc 

[0126] m^i^2^'7 -yi-yr (MWBM : Maxi 
mm Weight Bipartite Hatching) fSHmt. ±iB<OMB 

hZbXhh. m^M^i. MWBMr/^d••JXA$■ 

hi,zmtxMBMxhy7-i^xo^^y^~'?yxi)imi 

TV^SClfc^r^LTV^S (N. HcKeown, V. Anantharaa. 
J. Walrand, "Achieving lOOZ Throughput in an Inpu 
t-Queued Switch", Proceedings of Infoco«%, San Fr 
ancisco, March 19%> #S3) . ^tljii. l^-fllh^ 
y -< yi^<7M^iSL0tilib(Z. VOQ4rA-ir>fX«rM 

:^tLxm\'^hztxhi. 
[01271 ifz. ±M£J(MizXtii£. AlJhyy -f y 
i^iJ^nmi&Thm*) . MWBMTyPd'yXAtt^ 
-r^^hh. VOQ=^f A-«i^l6L^v\ fcii, 

a.-VKtV\,zm^\\X\v(i{i^ im^1Xht\^0ZtX' 

a)voQimzw.^ti. ^■nr^-h{zm-i>m^ii^snf\ 



[0 1 28] 

t^^<^*i \;kkMmizwmLtziio\z. ^wmx 
iiif. t-f. msmyv-M.^LXi^'7V^}^x^ 

m\^tz^m'fiozti,zx'o. 9^M.xuyyMmm 
i:m\m:h<r>tL. ^m.vmmt:^^z-rht\^o 

yy(r>mi s MflBa<7)«3Ft J: -ix^th^t^^s 
<. zco^x't^&x/mmmmxhht^^ih. 
[0 129] $<i>c. ^mmz^&imLy^yyoiz 
yiMyry ^yy.tr'J 3.-y (corps) {ciixtf. 

::^^ri;a_tjyi/*fsj-tgt/irS. CORPSJi, :^iO 
xo«y K7)yN-^r.y hi&;^iri;j.-y v^^-TSCttcJ: 
0, 7>f ^r^rxn-y hrfctlO<?3X^£^'jL-U>'^^ 

MX'hhtii^. hyy ^ -/^(O-^-h'XSimi^^—h 
-rSCltt-fiLTV^S. CORPS{±. Jti:»];K-hS<0 

[0 130] ^f>lzm<nim:iiXzm^i^ltZbii 

i^mizfm^ti^j:\'\ mm^cmmizm&Lt::^^ 
<. ^i^t^j:^mi^thztmi&x't>h, 

mi ] lfe*VOQX^5/A'-9S:^-n!»eW:^o y^ 

[02] (A) <±M?lJ*^<0, {B)iiy^yYn)zy 
1j^<0T-^y-^^x^^tl^il7Fri-^X^>'^~^ 

[03 ] X:h^<'yyrmx^ y^^r-^T^i-^fcnm^ 
mx'hh. 

wmifu'/i^mx'hh. 

[05] 4x4^'nxyN'-X>f y^SrfflU/ii^^ORR 
G StcJ; i,>NM T7-< ^x^ri/a-ij yif^^ffy^m: 
TFcTf^J^^^-VX'hh. 

[06 ] S52r<i>?<OSM<7)^''f AXO y bJK0Ii^tC 

107] *f|BBfc:J:I.Xt)-yjL-9<^ieie^St:ti»t 

5 3 y yimk-th<r>^zm\^h1xhm^-7 h>J^x 
<n-m ( 5K- hStN = 4 ) SrSrf h . 
[08] *f6Bg(cJ;SXi-j/A-7«0-IU«g®K*5tt 
S.'^'f Ty ^ yy^'rV:^- 'J yy^ffy-m ( '-K- 

N=4) 5:^-r§iDBaT'fcl.. 

m9]^WMizi^xy=^'^~yc^mi^mmiztin 
mi 0] ^^^mizxix^i^sL-yco-mimmizti 



(17) 1^2001-7822 (P200 1-7822 



[01 11 ^^izxhx^i^^-^ffy-mmmizii 
tti. s M^o^ imf^^ijk-iwmTiii, . 

imi 31 :^m&mmizin^?>xyi^jL-'^=E>':L-a^ 

[01 4 1 *IQ«gJSKt5tt*C0RP s;^^-i/A-y 
[0151 CORPS VOQ^jL->f >'^^tT;P2r^ 



[0171 CORPS>tir>?jL-7S^fii;e.3tl6xl 6 

[018] CORPS3yhO-7«— ei$rg^f:''D y 
^'0TfcS. 

[019] $i§'i^r^^X^>'-jL-7<0. i'XT/.g 



[011 



[021 



[031 



N2 



TTT 



(A) 




IFW (G) /T-lf* (A) 



(B) 



-€ 


H 


H 


3-ffl 


-€ 


H 


H 


H3 




H 


H 


H3 


-e 


H 


H 


H3 



r 



[041 



[051 




H — I — \- 



TV K K 7, r. 2> r. r. t„ 



[061 



[071 





Tl 


T2 


T3 


T4 


T5 


TO 


n 


T8 


T9 


no 


Til 


SM1 


T6 


T4 


Tf 


T5 


TIO 


T8 


Til 


T9 


T14 


T12 


T15 


8M2 


T3 


T6 


14 


T» 


T7 


TIO 


T8 


T13 


Til 


T14 


T12 


SMS 


T5 


T3 


T8 


re 


T9 


T7 


T12 


TIO 


T13 


Til 


T16 


SM4 


T2 


T7 


T5 


TB 


T6 


Til 


TO 


T12 


TIO 


TI5 


T13 



7.ay h 
4 



2 



2 i 3 



1 j 2 

417 
« 

3 1 4 



(18) !Rfra2001-7822 (P2001-7822 



SM4 


TB 


T7 i 


SM3 


T7 


Te i 


SM2 


T6 


T5 i 


SMI 


T5 


TB i 




T1 


T2 i 



T5 iTl2:T11 
T8 jTII iT10 
T7 :T10 i TB 
T6_j_T9 ;T12 



T10 
T9 
T12 
Til 



I i ! ! 
T9:T16!T15iT14iTl3 
T12:Tl5iTl4:Tl3iTl6 
T11 iT14iT13iT16iT15 
T10|T13;Tte|Tl5;Tl4 



T1 I T2 i 73 i T4 I T5 ; T6 : T7 : TB : TB :T10:T11 :T12 lTl3iT14 iTiSi 



TaoiTi? 

Tl9iTl9 

TiaiTiB 

T17;T20 



TIB! 
Tl7i 
T20i 
TI9; 



7U-AF2 



7U-AF3 



7U-i%F4 



m9} 



II 11 



^□9 h 

5 
4 

2 



1 2 3 



SM4: : 
SM3| i 
SM2i TB 
SMIj 



I T1 



TB 



T2 



TB 



T4 



lSM2i 



75 I 7B 



77iTB 



TB 



SM4i 



T10iTlliTl2iTl3lTl4 



T15: 



7b-AF4 



[010] 





no 


TB 


IB 


n 


TB 


TfS 


T14 


TIB 


T12 


Til 


TIO 


TIB 


TIB 


TIT 


TIB 


JTS 


T24 


ra 


TZ2 


T2I 




SM 


TB 


TB 


IT 


TB 


TIO 


T14 


T13 


Til 


Til 


T15 


HB 


TIB 


TIT 


TIB 


TBO 


TB4 


TBI 


T22 


121 


T3S 




SB 


n 


n 


TB 


no 


TB 


TI3 


T12 


Til 


TIB 


T14 


TIB 


T17 


TIB 


TBO 


TIB 


T2S 


T22 


T21 


T2S 


™ 






rt 


TB 


TIO 


TB 


TB 


TI2 


Til 


TIB 


TU 


TIB 


TIT 


Tie 


TBO 


TIB 


TIB 


1X2 


T2I 


T25 


1X4 


123 




» 


IS 


T10 


IB 


TB 


T7 


Ttl 


TIB 


T14 


TIB 


Til 


TIB 


TBO 


TIB 


TIB 


TIT 


TBI 


T98 


TM 


m 








Tl 


H 


n 


T« 


TB 


If 


T7 


TB 


TB 


TW 


Tit 


TI2 


TIB 


714 


TIB 


TIB 


Til 


TIB 


TIB 


tn 





7U— i*2 



7U— A3 



7U— A4 



1151 



[S12] 



#lft^SI(TTl.) 



SM-ID 



mi3^- KID 



^^Jaxov ho 



SE 



SE 



^MI^Iiil(TTL) 



^-f AJ^a-y hID 



SE 



GBQ/Gao/I 

TTTm 




CORPS 



(19) ^2001-7822 (P2001-7822 



[0131 



114] 



»<AXn7 KID 


BJh 






OPI 




SM-ID 


«^ 


SlyHO 




SM-ID 


^^i^XOy hID 


Bit 






OPI 




SM-ID 




SM-ID 




SUM 



} 



A^Py MD 








its 



I 



-101 



1 




106 

JL 



[016] 




[018] 



VOQM 




VOQM 



VOQM 



VOQM 




(20) fiffl2001-7822 (P2001-7822 



[017] [019] 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

P BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
.i As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



